
What balance between 
constrained safety and 

managed safety?" 

René Amalberti



Only four families of 
safety models

• Risk mapping and Reliability Assessment 
methods : setting up the ideal model

• Behavioral and cultural adherence to the ideal 
model, 

• Systemic approaches
• Resilience

Some are contradictory one another
The success necessarily a combination depending on the context of 
application



RELIABILITY
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Setting up the ideal model
Safety : a combination of safeguards and barriers
Tested by Frequency*Severity*Detection



A series of methods

• Preliminary hazard analysis (PHA)
• Failure mode and effect analysis (FMEA)
• Failure mode effect and criticality analysis 

(FMECA)
• Hazard and operability study (HAZOP)
• Hazard analysis and critical control point 

(HACCP)
• Probabilistic risk assessment (PRA)

Pascal Bonnabry, forum Romand, Lausanne 19.4.2005



Reducing variability

• Continuous quality improvement
• Protocols
• Prescriptive strategies
• Person and Establishment Certification
• Stronger professional alignment



Limited validity of spontaneous incident 
reporting of class 1

• Massive underreporting 

= unknown denominator
• Instability of error and AE definitions : 

poor validity of available information
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• National alerting system
– The UK experience

• Local Learning system
– RCAs



Adherence to 
the ideal model

Behavioral and 
Cultural 

conformity

Source : Boissières, 2007

Should we follow plans and procedures 
whatever the context ?



Four basic failures mechanisms 
when designing safety policies

Amalberti, R., Haraden, C.  Making safer the design of safety policies, QSHC, in press 
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The ‘Conflict’ paradigm 
• Principle: Let hyper specialists optimize 

alone (in a ‘silo’) the best safety policy
• May result in conflicts with other safety 

policies / best practices

Silo
Silo of

Technical 
vision

BEST
EXPERTS

Conflict generation
for people  hands on

• Mendelson ‘s syndrome : 20% of total deaths in 
anesthesiology in France (Year 1999, Lienhart, 2006)

• Most occur on full stomach, elderly patients, ASA 3-5, 
emergency context
• WHY : Deviance in the Recommended use of succedyl 
choline for anesthesiology of patients on a full stomach
• WHY : Conflict with Recommended precaution in the 
use of curare-like drugs provoking anaphylactic shock (®
celocurine)



Int'l Forum 12

The ‘Floor lamp strategy’
Principle : Design safety policy and 

performance indicator for monitoring 
effectiveness

– Problems occur with the choice of 
of performance indicator 

Example :
– Use of Hydro-alcoholic solutions for  hand 

washing in geriatrics
• Indicator on mean vs indicator on end

– Safe and effective transfusion

LIGHT

DARKNESS

The two-sides of the Floor lamp

Blood Transfusion
• More checks required for compatibility 
testing
• Indicators : Blood transfusion 
compatibility problems inducing AEs 
•unforeseen adverse effect ; professionals 
ordering less and delaying transfusion = 
anemia syndromes more frequent (but not 
under spotlight)



Int'l Forum 13

The ‘Tuesday’ paradigm

• Design Principle: Staff’s highest bid (best effort) in thinking 
safety

– Design ideal policy based of  best conditions, full  staff, best competences (‘the Tuesday  morning whe n all staff 
is present’).

• Examples 
– Pain management with a permanent infusion of anaest hetic drugs using a crural cath.

• Nice technique, obvious benefits for patients
• However still many deaths/ year: wrong catheter/wro ng infusion, 

Ischemic syndrome (no longer pain)
• Why?

– Solution not robust enough in face of periodical short staffing conditions 

– New cleaning protocols for endoscope tools (prion-r esistant)
– Solution not robust enough to resist work pressure

– Washing hand protocols before 2001 and the generali zation of hydro-alcoholic 
solutions

– Solution not robust enough to resist work pressure



Int'l Forum 14

The ‘Politics of small steps’
• Principle : Small is better than 

nothing
– Deconstruct problem and take action ANYWHERE feasib le, 

ANYSIZE feasible 
– Make sense, rational, give impression to improve

• What’s wrong?
– Small steps have small effects, ...do not convince professionals, 

make the system cryptic

EXAMPLE : wrong patients
1/100,000
• Deconstruct : why occur ? Same name, chart 
error, …Ask for systematic formal check and 
signature of supervisors before exam (chief 
nurse, or other)

• Problem fixed?  No, very low compliance,   
Immediate Ice melting effect, 

• And even worse… Increase global complexity, 
slow down process without effective result 
(waiting for signature)

People tend to refocus and make 
perfect what they can achieve when 
the rest goes out of control



P1 P2 P3 P4 P5 P6

Frequency/

Severity

Management 
tolerance to
Deviances

Time needed

Reduction of 
patients flow

Resource 
needed

Reduction 
patients flow

Alternative 
solution, 
Potential 
migration

Conflicts

with other 
policies

NO IDENTIFIED RISK DESIGN SOUNDS PERFECT - HIGH BENEFITS EXPECTED

CUMMULATION OF 
DRAWBACKS

ONE ISOLATED

RISK
YOUR POLICY SHOULD WORK  provided you control SIDE EFFECT

REVISE WEAK POINT AND PUT INDICATOR ON ISOLATED RIS K

Any Of TWO 
POSITIVE

YOUR DESIGN NEEDS SIGNIFICANTY MODIFICATION TO LIMI T SIDE EFFECTS 

AND MIGRATIONS

OVERWISE THE POLICY  HAS LITTLE CHANCE TO BE BENEFI CIAL

WITH Any OF 
THREE

POSITIVE

WITH  ANY OF 
FOUR

POSITIVE

YOUR DESIGN HAS LITTLE CHANCE TO BE BENEFICIAL FOR SAFETY

WITH ANY OF FIVE
YOU ARE CREATING RISK WITH YOUR SAFETY POLICY

Summary : foresee policy effectiveness





SYSTEMIC APPROACH



IN-depth defences ACCIDENT

After REASONAfter REASON

Actes risqués

PATENT ERRORS

Poor  design

Poor  management

Poor cultureLATENT ERRORS

Unsafe acts

The SYSTEM approach



Need a radical change in looking 
at Safety problems

• The limit of the Swiss 
Cheese Model

• Switching to a whole system 
vision
– Focusing on coupling, 

assembly, and interfaces 
– more important than focusing 

on errors and failures of 
components



N
o system

 beyond 
this point
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No limit in performance Increasing safety margins

Excessive autonomy of actors Becoming team player

Craftman ‘s attitude
Accepting to become 
equivalent actors

Ego-centered safety protections, vertical conflicts
Accepting to endorse 
residual risk 

Loss of visibility of risk, froozing actions  
Accepting to question 
the success and to 
change strategies

Very unsafe Ultra safe

Amalberti, Auroy, Berwick, Barach, Five System Barriers To Achieving Ultrasafe 
Health Care, Ann Intern Med. 2005;142, 9: 756-764. 



Years
Order of magnitude

Safety level

��������	
�����
��	����
����	
���������������	�

�,-��.�/#�01(-�#���-�/�

����������������
��������������
����� ���!"����#

������������$���
�����%����$ ���!"����#

�	&
���
��	����'�����()����	��

0   10    20     30     40     50     60     70     80      90  100  110

!"�*�� �����������
*
�����
�	��+�,���

�,-��.�/#�&/�.

�,&.	/���-��.
No safety

*�2�/�.

TECHNOLOGY 
BREAKDOWN

EMERGENCE OF A 
NEW COUPLING 

PARADIGM

0   10    20     30     40     50     60     

NEXT INDUSTRIAL CYCLE

����
���

����
	
	��

�,*�2�/�.�3��.4��5�6.

4.PROGRESSIVE 
END OF PROFITS

Amalberti, R. Optimum system safety and optimum system resilience: agonist or antagonists concepts? In E. Hollnagel, 
D. Woods, N. Levison, Resilience engineering : concepts and precepts, Aldershot, England: Ashgate,  2006: 238-256



RESILIENCE
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Morel, Amalberti, Chauvin, Articulating the differences between safety and resilience: the decision-making of professional sea fishing skippers, 
Human factors, 2008, 1, 1-16 







Safety interventions – Micro ergonomics strategies
Collision avoidance : introduction of two tools, al ready widely used aboard 
merchant vessels: the ARPA (Automatic Radar Plottin g Aid), and AIS 
(Automatic Identification System)

Morel, Amalberti, Chauvin, How good Micro/Macro Ergonomics May Improve Resilience, But Not Necessarily Safety, Safety science, 2008 



Safety interventions – Macro ergonomics strategies
Having an impact on the system rather than on its c omponents.
Testing the hypothesis according to which the more structured companies 
are more safety-conscious than crafts-type concerns . 

Results: the big firms have fewer shipwrecks 
and a higher production level, but they are 
also more accident-prone in terms of working 
conditions.
Giving sea fishermen safe and technically 
performing production tools encourages 
them to take even greater risks, as they 
expose themselves to more extreme 
situations in the name of better performance.



Resilience in Oil industry (Refineries)
• Safety in maintenance subcontracting 
• Safety figures of the subcontractors initially well behind average of the other 

plants of the Group
• Pushed the management to revise the safety procedures

– introducing written orders mentioning the access to the terrain, the authorised procedures of action and 
the mandatory protections, 

– asking for a mandatory before-execution joint briefing between local supervisors and subcontractors’
team. 

– The rate of accident dropped down by factor 2 within 2 year, but was worsening again after 3 years. 

• After an initial analysis of this safety organization, we conducted two 
research actions to test the value of this safety intervention strategy.

• A sample of 128 subcontractors and supervisors filled in a safety climate 
questionnaire 

• 58 subcontractors participated in a paper and pencil simulation of degraded 
cases, testing their reaction when recommended procedures are becoming 
ineffective, and evaluating what lessons they used to pick afterwards form 
these unplanned incidental cases. 

• Results
• first, the organizational analysis shows that occupational safety is left in the 

operational direction care asking for subcontracting (here the maintenance), 
but kept fully separated from process safety usually managed by another 
direction in the plant. 

• Second, the questionnaire shows that, he work environment is rather 
dangerous and poorly supportive, whereas the workers insist on their 
personal willingness to improve safety. 

• Third the simulations show that 78% of the workers are ready to deviate 
from standards and adapt on line to degraded conditions for making the job 
done. But since these deviations are considered illegal, they have little 
experience to debrief on. Most lessons are kept at the level of the 
intervention team.

Tazzi, D., Amalberti, R. Safety in maintenance subcontracting in a refining plant: a safety model and its impacts on subcontractors’ safety 
culture and adaptive & learning capacities , submitted Safety science 
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January  2005 
TRIR  = 18,6

January  2007
TRIR  = 7,3

January 2008
TRIR  = 10,7



Understanding resilience
Resilience  S t= Si+Sm
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Paradoxes of Resilience
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Two Safety philosophies for 
safety interventions strategies



By the time….Resilience is a solution for making hi ghly competitive systems 
safer…Not a solution for safe systems wiling to bec ome safer

Low

Medium

High

SAFETY

COMMERCIAL
PERFORMANCE

Excellence

ExcellenceMedium High
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Market & 
client-
oriented  
safety 
indicators
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Technique-
oriented  
safety 
indicators

The more the operating domain is opened (financial interests), the more safety 
breaks down, due to greater risk-taking. Resilience  actions make it possible to 
bend this curve toward a second, higher level of sa fety 



Performance, Automatisation & Expertise
Source: Moorishidge, Chef pilote USAF, 1988, NATO conference

Performance

Degré
d’automatisation

Manual
Flight

Basic information
No assistance

Information
Head up display

Tactical 
information
Map display

SITAC 

Nap-of-the-earth 
flight

Terrain automatic
follow-on System

Intelligent AP
All conditions

Full automatic 
guided system,
Outside control

Range of performance

Top performances

Worsest performance



Safety level

Time life (Yrs)

Identifying problems, 
HRA/SRA, reporting, 
measuring

BBS/ Behavior based safety
Develop protocols, rules, and ask for compliance / 
Standardization, simplification, co-ordination (teamwork)

CBS/ Culture based safety, commitment
Develop appropriate culture across the 
organization, safety priority, ad hoc 
management

Technological 
improvements

From local focus and 
enthusiasm to 
Organizational strategies

Whole system vision, 
integrating standards of 
professions and governance 
(natl & intl oversight)

Losing ability to prepare 
to the unexpected 
problems/ low resilience

Opening
Next
Cycle

Evolving Safety Strategies



What resilience is not

� the fashionable “Emperor’s new clothes” of research on 
work-related safety, after the vogue in recent years of 
notions like workload or situation awareness. 

� In this line of thought, the notion of resilience is 
sometimes associated with any action designed to 
improve a system’s safety: the safer the system, the 
more it is said to be resilient. 

� Others imagine that the concept describes an “extra 
coat” paving the way to ultra-safety: a safety know-how 
which, once acquired, would complete, through specific 
new rules, a conventional safety plan which is already 
based on the usual restrictions, mandatory equipment, 
rules and control protocols. 


